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(57) Abstract: It is intended to provide a stable isotope- la- 
beled amino acid which is at least one of amino acids 
constituting protein, characterized by having at least one of 
the following labeling patterns: (a) in one or more methylene 
groups, methylene hydrogen atoms other than at least one 
have been deuterated: (b) in prochiral gem-methyl groups, 
hydrogen atoms in one of the methyl groups have been 
completely deuterated; (e) in prochiral gem-methyl groups, 
hydrogen atoms in the methyl groups have been partially 
deuterated: and (d) hydrogen atoms in a methyl group oilier 
than one have been deuterated while hydrogen atoms in 
an aromatic ring have been partially deuterated. Using this 
stable isotope- labeled amino acid, deuterium substitution of 
a protein can be achieved without 
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(81) tafem <mt*ij: AF, AG, AL, AM, AT, AU, AZ, BA. BB, 
BG. BR, BY, BZ 5 CA, CH, CN, CO, CR r CU, CZ, DE, DK, 
DM, DZ, EC EE, ES, Fl, GB ; GD, GE, GH, GM, HR, HU, 
ID, IL, IN, IS, JR KE, KG, KR KR, KZ, LC, LK, LR. LS, 
LT, LU, LV, MA : MD, MG, MK, MM, MW, MX, MZ, NO, 
NZ, OM, PH, PL, PT, RO, RU, SC, SD, SE, SG, Sl s SK, 
SL, TL TM, TN. TR 7 TT, TZ, UA, UG, US. UZ, VC, VN, 
YU, ZA, ZM, ZW. 

(84) Jg£ § ARIPO ftl* (GH, GM, KE, LS, MW, 

MZ, SD, SL. SZ, TZ, UG, ZM, ZW) : Jl — ^ y?^ 
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 3 — □ y /< 
( AT, BE. BG, CH 5 CY, CZ, DE, DK, EE, ES, Fl, FR, 



GB, GR. IE, IT. LU 5 MC, NL, PT, SE, SK, TR), OAP1 f$ 
I* ( BF, BJ, CK CG 5 CI, CM, GA. GN, GQ. G W, ML MR, 
NE, SN, TD, TG). 



worsening the NMR sensitivity of the residual hydrogen nucleus. Thus, an NMR spectrum of a high-molecular weight protein 
exceeding the upper limit applicable in ihc prior art can be quickly and surely analyzed and the siereostructure can be highly precisely 
determined at the same time. 
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tMmzmmtmmttzz. ztizwmmzm&Tz^&tLT, "c/*n\zm 
zxwBn*<D7i(.m$:5o-8o%m&7>¥&izm*m em m&u 
^('H)s©NMR®^fijffl-rs#s^ 5. ;mmm*<D *?-)],&£ 

^s. tz&. z\n$®ftm<D^m*£T±L&m&&:fe(Dm&zm&izLTmft z ? 
1990^11^1 sB*L-&it¥mA&n(D9i±it¥&mmmi9>rt2n 

III l«^ii©±^;^-;P 13 C-NMR(3j;^ I «^ii«W0[)^{;«, [i-> 
3 C.2.3- 2 H 2 ]7x-;i,77^>, [ 2 H 2 ]1i'J>S?>'{ 2 H 2 ]7^->^|2«$tl 
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fem&ftmmtsntcT^ ymzmmu z\nzm^TNMR\z&zm&noffi& 

L^U 7^;i/»©S^jeigfi#«»<*:ttS«6TJ«flfi (09*.fct 1. 2,3,4- ,3 C 4 7 
nt ^ ^ © ^H^T & § o 

W5. Tct^U. •?n>mJL7.7 L )V&i£\z&Z>l5& (E. C. Jorgensen et al. . 
/ Am Chen. Soc, 74. 2418, 1952). y t3A? ilOWIKlSiffl 

(R. F. Nystrom et al., /. M Chem. Soc, 74. 3434. 1952). 7±^U 
>i?%)Vtf>Wt<Dl&7t&m&1rttm (Y. J. Topper et al. . /. Biol. Chem, 177. 
303. 1949) fciftfaietlTlr**. 

ytHD+vM (H. Erlemnyer et al.. Helv.CbiM.Acta.. 22. 701, 1939; E 
C. Jorgensen et al., / Am Chem. Soc. , 74. 2418. 1952) ft W 3. 

E. C. Jorgensen e>^> R. F. Nystrom £> \zk%m®:faWM7-?)i>m.(D-&!&mZ, 
^?M'\\xy-)lX<D£l$\zmLtzfcfcT*&Z>1} i . x^-;i,7>7 7°75WC$. 
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5.£fc,Y. j. Topper <7)^{iJ.4- IJ C 2 ^ 2, 3- ,3 C z #:.fe^Vitt 1,2. 3.4-" 

c<w&£(DMm&*%?%mm7^)m<D£&\z\mbT^zb<D<D.frmffi<D 

H. Erlenmeyer 6K:«kSgglS5K©^Ttt. liSft.SSHRtt^-fe 

masters. 

»7 5 y R©a*^to**ft«-r s ^ t $ a m ttz,, 
tzztzsmttZo 

*3£W©±gB«;ftZflft©@»HU «T©IB«Rl^lig«3&^W6^<h«:ST 
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mm?** 

v t k zsMttm\z£ o mitbtzm, s e> {cjotk^-t ^ c: t ^ts^m 

0 1 : -5 2 0««©7S /KlCO^T©, 8**^x1*^ > 

02: SSD-^U^>Sift*^fc*EPPlbSeS (18. 2kDa) 
©'H-' 3 C HSQCW h;P*Jt««*bfcHT?*-5. 
03: SAD-'J5>>£fc*aA,£EPP 1 bMSft (1 8. 2kDa)© 

hcct tocsyx^ V)v^\mm^htzmvh^> a 

04: S AD-^>*5>£&^&^cEPP 1 b^SK (1 8. 2kDa) 
©HCCT TOCS YX^ h;P£Jt&«j£L&@-T?&5. 
05: SAD/PDM-a-fy>mWcEPPlbieS (18. 2 
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kDa)©'H-"C 3Sgig<fc£ttS 'H- ,3 C HSQCT^? h^it^J^ 

06: SAD/PDM-D-f y>mWcEPP 1 b^fiM (1 8. 2 
kDa) 0'H- u C r^{C*5tt-5'H- ,3 C H S b;P 

0 7 : SAD/PDM-^^->^m^-^fcEPP 1 bMSS (18. 
2kDa)©'H-"C r^tC^tt^) 'H-^C HSQCT^ hfr*lt®M 

0 8 : 3fe*SSD«^bfc^«Tay^^a^^cEPP I bMSK 
(18. 2 kDa) <D l H- n Ci3Mmz&tfZ> 'H- ,J C HSQCT^b;^ 

09: H9 2 0ffi^©X?^Xx-*£l£$<#J*Lfc0T&-5. 

010: 'J ^-A(D^igtf-#(Z)v5 =l |/-y 3 >©^I^lfciT* 

01 1: t})V"E^=L^>m.Bm<D^mzm^rz^mmmm7^ymmL 

012: 0 1 1 fC^tfc SAIL 7 ^ /mom^M^m^x^Ltcti)^ 

ya'J>I6S<D l H-"C CT-HSQC7^ KMSt. 
013: 01 1 \Z^Vfc SAIL 757 mom^t>-&^ffl ^T£$ L/c^^E 

<Dmm\z-D^rmwirz>o 
& \z ct d t> £ -r &m 2 ns c t a. ^ © m^©^Bj©^gi^&#:«^7 s y n 
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Wi7myi%^\zm^m^n. -^m^m<Dmmt-wmTL^\ c© 
mtz.zs#i-)vmtii - mfe&fe\zg:~r2>mm\*mv<mi&2nz><DT~$>2>o 
^®tmmi£nx£<. tzt&rim<D$kmmzmmLrz£?fzfc&x*-Aiz 

wi&m^zs&n&f&mte. z<Dmm<Dmw<DBmz\t®\z®nttmT&z. 
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^->^oct o . w e &m &m izm o nr^mz tm 
^->^mm\z^mr^z\t^z.<D&m(omM(Dmw^mmr^±x^xr$> 

UT\z, ^(DfeM&l&^Zo 
3£&S&fizMt4b (Stereo-selective Deuterat ion, SSD) : 
7571® methylene 7°oh>. gem-methyl Yak Leu <D~~D(D 

prochiral methyl) fiTkHftlcJ; O-^tc^Ict.^ h;i/±^LTt>> 
: t)5-*©7 , Dh> (B£7oh» td|-r5i#: W (pro-L pro-S) tit^t. 

o&?ixfe&<Dmmmz&&mt&<D : sy^frmm\z%>^x. vai, Leu. 
1 1 ei^E(D^m^n(oh^7^/m\z^xhiEmu.mn^m^z\tii^mz 

^SS^fiTKS'fkffiegio-selectiYe Deuterat ion. RSD) : 
iL#S?!lfi7K^b (Stereo-array Deuterat ion, SAD) : 

m&<D7°n*7)w>btf$>z>i%G\z\z. m-%<Dm*mik\zj: vmsbr^wm 
nmztLWWsmm^m^-^ z. t \z& o . m-<0E&flegtt#©*#££fts 
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~7u h>jftg£*Mb (Proton-density Minimization, PDM) : 

*^)im. ^mwmtt£\*mm\zmmxibr>. ^xmm^tcmmmm^ 

SD^Tm7K^TS (CH 3 ^CHD 2 i) tZ>Z.£\z£r>, W&n<D7n V 

ymmzmsmiz-fz z\ trfxtz. z\<D^m%7a h >mmm.'Hmtv$&o 

(a) 1 £fz\t2&±<D?t^\/>mz&^T*^U>*mOO%<D'Pt£<tb 

—D(Dim^vx'mi±wwsimzm7^m^ ccdh) $nxv^, 

(b) -?u3r?)Vt£z em-^)Vmz^X-^5(D^)^<Di^m\-i^±\Z 

m&mit (cd 3 ) snws. 
( C ) zfu^frt^frmz^x^frmoimfeuftmikmfc (cdh„ 

CD 2 H) £tlTV>£K 

(d) ^)miz-n<D*m$:mLxm\zn*mik (cd 2 h> mwkk 
m\$w>ftm7kmikznx^z>. 

£a±k:^ bfefi7K^<b^&^^-&t)ii-s ii <h tc=t o ^esoiMtigm 
<D^#{cM^75ym^xif^ >-rz>z\tfrxzz>o ±m<Dt^*), z. 
<Dihm<omwiz&^xte. ^^uy^^^&om^mi^z-D^x. nmrsu 

mm*, itx ii c\z. &tz7$ ;m£mf8.Tz>^m\z-D^x\tt<D£x& *n\z 

mm-%Z£-t)W$.L\,\ -13. CD s tLXfcm$:7c±\zm£;-?%m£>\Zte. & 

a*, d^T*, ±ie© mmi t\t. 75y^iB^j©^Tf5r#@©a* 
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/&T<5£T©75/&^ #©g^A^— > 

(f) ±12 (aK (b) Rtf (d) ££Vvrfi*3(6ft;;£nfcfgfc43V>T» 

(g) g*#£T ,5 NtC®m^tlT^^ 
tA5©j&W*LV>. 

a7K^ft$tlTV^©*WSL<, (f) ±12 (a), (b) Rtf (d) l:*^Tl*i 

> ? ;i'S^^-r^^^ ,3 c{iE^$nTv^©^$f^t^. £e>c, l H?5^ 

1 0 
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>&mtimmmmz£r>. mtgmt-r&m&nv&mz^rimtteT^ > 

(DNURm^M^m^m^v^o 

4 (Dmrnx'^^mmnm^m^mmy^jmomm^miz^ 
^x. wMt vxmm t£nz£fem&&mmwm&&zf%fem&fcmmy'u : £:& 
m\t. £<D&otzmm/^->(Db<D. -r^^. EcD&otL&mz&fem&w 

m&ogfemtiL&zm^zbvx&^xhJ:^. mwmzte. n- ,3 c] mm, 
[2- ,3 c] mm. [1. 2- ,3 c,] mm [2- z h j; h 3 c] mm. i> j h 3 ; 2- ,3 c] mm. 
[2- 2 h 3 ;i.2- ,j c j ] mmtzZfim^isnz. ztc, y'n±mMiz&^x%. ci- 13 
c] yu^mm. [2- ,3 c] ^Dt«. [1. 2- ,3 c 2 ] fn^mm. [2-'h j: i- ,3 c] 
^Dtsi, [2- j h 3 ; 2- ,3 c] fu^mm. C2- 2 h j; i.2- i3 cj 7*n*mmm& 

tfctt. £<(d8££ttfcn. R. V. Oppenauer. etal., Monatsh. 

1 1 
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Chew., 97. 62, 1966 £<fctfR. S. Monson. 'Advanced Organic Synthesis, Methods 
and Techniques'. Academic, 1971, p. 62 BM<0 leit-Zf^frJfrn-frtmifcX 
)Vi/Ok$:fr i ba$L~tZ>~%fe Mb3*£(I))» B. Abramovich, etal.. / Am Chen. 
Soc, 65, 989. \mmm(Dlert-7^)l7)ln-)l£mt7^)Vfr$Gf$.-t% 
C. D. Hurd. et al.. / Am Chen Soc, 61. 3355, 1939) 
mm<D*r^>£ tert-^^7 )\>^-)Vfrt>Gl&ttt& «b#5S;(III)) t3.E<D 
(D^m Id <k 0 x X WbT£ -5 . 

CaC 2 ,Ag z O 

HOC(CH 3 ) 3 CH 3 C0 2 C(CH3)3 rn 

+CH3COOH k ' 



HOC(CH3)3,PhNMe2 
CH3COCI »► CH 3 C0 2 C(C3l3)3 (n) 



„ HOC(CH 3 ) 3 3+ 

CH 2 CO — — *- CH 3 C0 2 C(CH3) 3 ^ 



-is. ya^mmu. MPLimToxt^ (iv> ~ (vd 

LiOC(CH 3 ) 3 

BrCH 2 COOH »► BrCH 2 COCl »► BrCH 2 COC(CH 3 ) 3 (IV) 



BrCH 2 COOH DCC, DMAP ^ B rCH 2 COC(CH 3 ) 3 (V) 



(CH3) 2 NCH(OCH 2 C(CH3)3) 2 

BrCH 2 COOH BrCH 2 COC(CH 3 ) 3 (VI) 

HOC(CH 3 ) 3 
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fiP£Lt^ mx-ii. J. Chem. Soc, Perken Trans. 1, 3815-4195. 2000) 0 JMfctf) 
\z\t. X)V*>M%(Dt)tt>&Wk®m(Mx.&l)ov &M Dowex mmmm W-X8, 
Rohm Haas #S Amber lyst (S»i$£)R15fc£) #0«J*£n& o Z\tl^(Of}^> 

<fc < , 3 ^mmtia-fZ Z\t\z£K) . m^Kfc &mnm btl3„ Amberlys t & 
&^)R15©*«. lwt%Wltt5ut#T*t§. lwt%T*Wf:^ 
tert-y^Uxx^Hk^iiff-rs. £blc. Sffcfi&tt, <£S-eJ;<. 

or-^mificTiu. z\<D£ofz&ftTx*Km3.3mm&L?i\zmTv, t-zr? 

m£ftoz\tfz<%ix.m\zmt*z.£tfT°%z>* 
&t<Dtm®i5mz&K>n%ntc%m%&fcumm tert-y^xx^ 
t&fcFift-wwmtfu^mn tert-y^;i/xx^;i/«^^7*'j>y«. n*<Dm 

a^S^^MUTfT^Jli^-e^^.^A^LeoA. Paquetteetal., /. 0rg 
Chem, 60. 7277. 1995 {-|B«©Mxx^^bM^-gfb-r^^ (VII) 
•*\ Ned A. Porter etal.. Tetrahedron Lett. . 34. 4457. 1993; T. J. Brocksom 
etal.. Synthesis, 396. 1975 {CiB«©^xXx;U©3C7«S:SSt> DA 

^mxxx;i/^Lfc^(vni).#a©^^ffl^T7T««m-r^fe (ix) 
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1) LOA, HMPA/THF 
-78t. 1h 



/J^ OBu . 2) CuCI 2 /DMF Bu 'o 2 c / ^ rr;C02BU ' ^ 

-78^C~r.t., an. 



O 1) LDA/THF 

A 2) 0. 5 eg I? /v. ^cOzBu 1 (vni) 

OBu' Bu'O^^ 



C0 2 Bu' ^ C0 2 Bu« /=\ aX) 

BuHD^ Bu^C V Bu'O^ X C o 2 Bu' 

t-r*. aaaaittou^A^y^pwpysH (lda) 

a^+M^v^O^+^'J^A (Li HMDS) ^^t^f;VyyD^ 
>^-hU^A (N a HMDS), S6Ktt, T^PU^A (n-BuLi) 
^Tfc,i;^\ LDA^ffll^^ttCcfcOSWT'K^jiff-r^. 
ilCttfi^n^LDA (Li.N{CH(CH 3 ) 2 ) 2 ) 7 x ~)V^ V % ~ )V 

TOtt^XUHM, Bkfc&tttT'ftoZtimtLMK £fc, THF, 
DME, X~rJk DMPU (N.N'-^^pyotfl^>^W7) ^©3lSfc:&« 

£Lh© 1 43 0 ft ic ct 0 # e> tifc 2 - 7 x x;Hr 1/ □ a 9 Wt V 
tert-7^^xx^^^b-rtl«7-7« V ter t-^;HXWi £ft5. 
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StHtUTtt» #J;Lk£ Hartmuth C. Kolb et al. , ^ Rev., 94, 2483, 1994 

*>K. B. Sharpless DUSSStlfc AD-mix-o-^ AD-aix-0#$fF3:L<fflV>£ 
n^o AIHnix-a&cfctf AJ)-mix-/3tt, ivfttfc:*;^ U £A» ^1t-> 

jyt (III) M^U^A. ^H*U^A*5cktX^^U^>h*<D(DHQ) I PHAL £ 
fc« (DHQD) 2 PHAL (ffc#5£(X)> 



WO 03/053910 



PCT/JP02/13303 




(X) 



99%ee K±©ii6^3fc#i6anf#Sft5. i o Ic tT#6nfcI5i?yX^ 
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©w^t?$>ot. c n e» ©#y* £ «fc o t z © ass©5§ w^iat snsctiifeK 
mmm 1 s s d - ^ u >- > *a*a^^es©n» ^nmrk 

£T£#MiRW^/m**fcLfc (2S) - CI, 2- ,3 C,; 2- ,5 N; 2- 2 
H] ^U'» SSD-^U-»t^) ©•&{££. TfE©7.*-A 1 fc 

lot, igiA^igi 2tvTWM\zmw-rz> 0 
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XS12 



H 

.OH 



o 

(13) 




? - = 13 Cor 15 N 



(6b) 



<Igl> 

£IMEfM>^fc (K. P. R- Karthaetal.. Tetrahedron Let L . 27. 3415. 1986) 
Cu 1 - ,3 C 6 ] -W3-7.tlO.06g. 55.8miB0l) (1) mtlinTft 

1 8 

(«»126) 
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£*a ( 2 ) (12. 55g. 48. 2nimol, 87%) 
<XU2. Ig3. Ii4> 

ft; £#J(2 ) (12. 55g, 48. 2mmol) ^XiR^feO^J* (Nicolaou et al. , /. Am Chem 
Soc, 110. 4673, 1988)£JBWrfc£« (3) (22. 08g, 44. 3imoI) CgglLfc. 
#£>*lfcfc£#l (3) 1C8 0X-SfB3 0 Om 1 *JOx.Sf»Lfc^ 7 5"C, 3 

*ffl^T*j»-r5fPHS4@«»3iiWb^ (4) £Ufc&. »IB«(D^(C. 
Hubschwerlen et al.. Synthesis, 962. 1986) £ ffl V> T II 69 #J (5) 

(12.9g,30. 2mmol)^b^ (2) fr£ 6 8 %©JR$T#fc. <Xg5> 
ik&WS) (3. 66g. 8. 58mmol) \Z^it^]y>l 5 0ml £jjnx_&$?£-fr£:&, 

v U 7J W (73. 8g) , Mymik h U 7?)VXX (5. Og 7. 2mmol) £in;i 1 8 15119%$ 

TvXfc^^itffibfcgH;:. @^mx^;i/ 3 L £ ffl tr> T ft £ ^ 
(6a) (3. 13g. 7. 29mmol) £85 %(DUmX'nfz 0 
<I8 6, I@7> 

(6 a) &XmmWl<Dl5& (Joseph A. Tinoetal.. /. yjferf fifcra. 36. 
1221. 1993)£##fC5ft£hv;WbLfc. »e>nfcfc£4fc (7) ^fh7tHD 
77>83ral Kfg^U 1 M-fh77*W> ; E^A7M , J F/fh7 
k H-0 77>»«(ia 9ml. 13. 9mol) £iHA, MlSX'l SftfflmWVfz. JRjfcig£ 
ttfc'VfrU^ : mm^)^= 1 : 1 U 7 Ai? OT h ^77 - ti 
fib. (8) (2. 73g. 7. 79miol, 67%) 

<Ig8> 

(8) (2. 22g. 6. 34iiiinol) ^mt^> 110ml fc»*>U Ot^T'S 
g£Ttf. Dess-MartinlJm(8.05g 18. 99iiol) ^Ua^X 0V<D^mWLtz o M 
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^«I^7K^KU^A5 0ml-e2|E]> *50mlTl@, 7'M>5 0ml 

t* i ®im. mmm^mm-r b d OAX'^Mmm&mmvxit^ ( 9 ) 

<Ig9> 

iktr® (9) £**y-;W7 5ml lcfcrt*Lfc&©£0t;3n!fia^Ttf, e: 
nfc*3gft*C73!l^-hU^A(120ing. 3. 17mmol) £^7-^5 OmlE^lT 

inA$5t;:5#ias#Lfc. *2 omi £an*.T, cncatKi^ 

;U4 Om 1 £Jffl;LTzK (4 Om 1 X 1), > (4 Om 1 X 1) 

«S&lSlt^-hU^ATa^«ffi»tgbTfl;^«!l (10) £*§fc. 
<Ig 1 0 > 

ik£%0 (10) ^DMFMliillLT, 7^HSHA'J!)A 
(1.76g.9.51inmol)^ijqx.fc. cn£7 OTC©fcfrTl OPSfflfctfl/T, ^ 

di) 
<ig l l > 

K&m (11) £TO5 0ml £5N-BSIt5 Om 1 ©ig^&Kig^bT 6 

4 (4 isg. 26. liimoi) sumiiit 3 mmmwLtzo j-tmsa- b u 

fg^irettlAT. 2e>Czk£2 OmljjnAfco (30mlx3) 
T'ftUiJU (2 Oml x 2) Tft#U gfflt^ h U •> AT^^MJE 

83tub£#i d2) zmtco 

<Igl 2> 

fc&#J (12) ^lN-iil5 0mlTl^tL #3P&£i;fcSfe#HKIg 
Dowex50W-X8 TffilSU S SD-^Jy> (13a) £#fc 0 
2 0 
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(391mg. 94. 95mol. 78X) 
<ik&® (6 b) <d£jSO 

it^m (5) frt>ft&m (6b) tiTZ>Z-t\Z£r) 2&©&#E8A<iS0©S S 
D-^U-» (13 b) ©#J*&nJfgT!&*. 

Tfctt. it&%l (5) (5.0g, 11.72mmol)^^x^x-x^ (30 0ml) 

;WX~r)Hg# (17. 96g. 69. 54mmol) Ztnz.Tfrt> 5#|Bffli**U g*3&fc h U t 
e r t - yh + vTiR-^A'J^AiS. 88g. 34 77mol) £S0iLT01C©« 
4IWW;. OTrd N-£!£3 Om 1 JPATl 0$HHHi#bfc. Ktxf 
^ (2 5 Om 1 X4) Tfl&ffiLWaifcy^f > (1 0 Om I X 1) Ti5fe#U 
aBST^y^ATSM, ^JEjg^tTfb^-tl (6 b) 

<mmmBM<Dmm> 

±f2SSD-^U~» (13a013b) *KffiB*«lca*a«f^P-fe^ 

>^WiEPP 1 b (#^«1 8kDa) ft*©*HTO&fflV> 
3 in ¥i¥ogagiSIKi£fcJ;t>TfcJU G 1 y©^l/>7 , n h>«, ^U^>- 

■fe u >m(Diss.m&*Mmirz>mm-t u > t h o+~>;W!/ h ^ >X7 x ^— tf 
(shmt) ©#$ e £ yy m&fr ©#^ ra £ x. s c t temnx- $>-?tc, 
s 3 ommmm&WL&m^z in vitro w&nsfcm mr. i«i 

&£f&&tW&) &m^Z>Z£\Z£r>^ SHMT©|fi«#J£bT&Sn<5v^O 

Ktt^^O, X®^(DSSD-yU->X (2S) -> Rtf (3R) - Cl, 
2- u C,; 1- 15 N; 2- 2 H) — G 1 y, TSSILfcE P P 1 tXDHStriKbL 
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■ 4 



PCT/JP02/13303 



<&mw&n<DNMRm%> 

NMRMimmte* SSD-^'J'»T«»l/itEPP 1 bSfflV»T, ttXIB 
M(D&ft (RKariyaet al., /. Bitmol MRU 75-76. 2000HcftoTH@L 

(2S) -, mS (3R) - Cl, 2- ,3 C 2 ; 1- ,S N; 2- 2 H] -^U->> 
^D^-frfcEPPlb^ Cl, 2- ,3 C 2 ; 1 - ,5 N] -^Uv>£a#.& 
^cEPP 1 bK^<D^{IO^TSI^Ufc , H- u C HSQC7^ h;i^@ 
2lCtfcgbT*bfc. £©02^£9§£)^&i;5l;:, «<Di^-«^#^ilK^ 

^ MHii^^l^^im^cfl^U rtv^^i/^n h>Fe1©7.t;>£5 
©^U v>j^»SSI*.>Wb$n» ^T©->^;P^-^5cNMR±T^LT 

mm® 2 s a d - u y > ©«» t n m r m^. 

(2S, 3R, 4R, 5S, 6R) - Cl, 2, 3, 4, 5, 6- ,3 C 8 ;2, 
6- ,5 N 2 ;3, 4, 5, 6- 2 Hj 'Jy> (£*T, S AD- 'J v>£P¥.&) ©£- 

2 2 
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X^F— A 2 




<I@13> 

1cmmm<D^mfH Oba. et ah. /. Org Chem 64. 9275, 1999) £J$-K: 13 
C-«aufcL-W*a>m**£S§Sbfc <2S, 3S, 4R) - CI, 2, 
3 4> 5-»c 5 ; 2- ,5 N; 3, 4- 2 H 2 ) (ETF> SAD-** 

JW* 5 (1 4) (25. 02 mmol) £ 0 . 2 Mtf U >* >&W&£J£ffifc ( 2 

0 0ml) t!U F*«f— (200 ing) Rtf^* hKh 
-;V (120 mg) ^Mfct:Uy>^^TpH^5(:Lfc. 
>if*;V^->7-f (1000 U, 210ml) ZtoXWCTZ 7<CT*3I$ 

1 B&fflvvr*igLfc. ^e, nfcg^T 5 y 7** >mz 5 0 m 1 <d*k:j§#u 

^l£^&7K9iH-HJ^A(2.83 g. 26. 66 ma\)^XfN-Xh^z/iJ)V^)Vy 
(6. 37g. 29. 08mmol) £flnA^ST 1 0#K4tt$ LTcoKfofemzQM^ 

2 3 

^^^.fflM (miy26) 
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td&. &&£m£&m®m*-cm?k £ (15) (4. 43g. 18. 32mmol. 75%) 

<Igl4> 

(15) ^mt^Vy (2 0ml) \zJtmi,td&.. 

mxtff-*—fr (it 9g. loonunoi) *tox.tzo zLvmtL&gMre i mmmwvA^r4 
ovc2mmmwvtz^ Bimmmzm&mffivtz* #&n&»st£*>if>ic 

(0. 21g. 5w/w» Rtf b U ttfrXX (3. 227ml. 12miol) SMilT? 5 # 

#^;W;*J ^A^av h^^y^-lc<k 9 *tfibfc{fc£tl (16) 
(2. 101g,9. 34mmol. 93%) 
<Igl 5> 

0{C^L7c«I£i^ h fcWS?>EM*# (1. 777& 4. 95imol) (16) 
(1.013g,4. 5wl)Sfh7kHD77> (4 5ml) ic»«PLfct>©*7;^> 

OrtCi^T^U -t£K*U!7A t e r t-^K+J/F (0. 
6 16g) ©r>7tFD77> (4 5ml) M£JOX.fco 3 

u*y;w*^A^DTh^^7-<--eMS-r§itic«k0fl:^ (i 7) 

(1. 270& 2. 72mol. 61%) ##e>ttfc. 
<Ig 1 6 > 

ft&m (17) (1. 251& 2. 68mmol) fcftBlx^ (2 0ml) izmMLfco C 
n\z-M{k&<k{Q. 023g. 0. liiol) £1B;L. KJ£^S§ft©£^m7K*#XT*&L 

2 4 
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fc. S7k3!#X©jE*i£ lkgf/cra J t LgfiT 2 Efa8#Ufc. 

MJEit^Dowex 50W-X8 £ jflV>T-f CtlCcfcO SAD— U ( 1 

8) (0. 360& 1. 73mol. 65» 

SAD-'Jy>^MEPP I b\m$33Mi(Djjm& Kariyaetal., /. 
Bioml m\l, 75-76. 2000) \Z SAD- U v?>£8siirrS££ K<k DPISbfc, 

<g»ses©NMR»^> 

NMRft<rJ*&fn:£f2ft©£#(E. Kariyaetal., /. J/Va©/. 18. 75-76. 
2000) ifr£fB«©g 6 Jt££N M R fg*t ©»JR©fi!«£ *> £ IcDftMSrfr o 

SAD-U> ? >^ltDj^S-&fcEPP 1 bK^tCO^THCCHTOCSYX^ 

Cu 1 - ,J C ; ,5 N) -'Jv>^a^^c«St©Jt^^3{C 
^fo £©03 £9. SAD-Uv>^a^^cM6«tt«SlCit^T#M 

£©fflK©5£9l©#K£MT*£<!:K:«l:D, 

(2S, 3S. 4R) - (1, 2. 3, 4, 5- l3 C 5 ; 2. 5- ,s N,; 3. 4 
- 2 H 2 ) ^>*5> (OT. SAD-W5» ©£j&£X3r-A3tCfc v oT 

2 5 
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Hi 




H 0 



XSI7 
> 




(19) 



- = ,3 C or ,5 N 



<Igl7> 

*$J-)V (1 3 0 5/1 1) (55m I ) £jDA-5~-l ortift 

£«fi££SAD-^;i^5>m (1 4) (98mg, 7 19/imol)^ 
AoT^2ml ©rWTJUdtoA- 4 < ClCT 1 BtEIJIffcL^fifcBSLS 5fc 2 
^Wlfc. ii#^7^o < cic^oo> -JSfl^Sfl 5 6m iZtotto £ 

TKtC^UH-r ^">^^|gD0WEX-50. ft-f *>5EHMIHi I RA 9 6 S BRtflt 
^*>&m®miRA67\Z&1)m%ffi&VSAD-!f)V*5i>(l 9) (2 6m 

g) zmzo 
<m^mmn(omm> 
±ibsad-^;^5> (i9) ^m^&^cMe®M^tt> ^frm&mz 

EPP 1 bg&£ffl^ m%&iML(?)3k& (E. Kariya et ah. /. Maw/ /W 18. 
75-76. 2000) fC S AD - 5 X 5 >Bt- a >P 8 1<7)^&i;:§^ 

nK-»£^jtof ^dtlciO^MLfco Cin^<Z)gil^«^© in vivoMfi 



2 6 
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<mmw&m<DNMRmfem> 

NMRtt^ttSfcXE*©^®. Kariyaetal., /. Biowol. MR 18. 75-76. 
WUSSfifcLfc. Cu 1 - ,3 C ; ,5 N] -if)],* 5. >%m&&/utm*&£V>ik%l 

m\zfzz> 0 

4 SAD/PDM-d-T v>£M^^fc~M6M<2)PM<hNMR$!l5£ 
£1* (2 S, 3R. 4R) - CI. 2. 3, 4, 5- ,3 C 5 ; 2- ,5 N ; 3. 5. 
5. 5' , 5' , 5' - 2 H S ] O^fyy (OT, S AD/PDM-O-f ~»<hP* 

.so 7>=^-A4tcaoT, xg 1 8 ^e>m 3 1 tvxmm\zmmf 
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(33) . = « Cor «N 



<Igl 8> 

SAD-W 5 >m. ( 1 4 ) (2. 56g. 16. 5mnl) ©X* / (20ml) 
fcTk^T, Wctt—fr (4. 52g, 38. Ommol) £i8TU ^&T—IWtt#Lfcgt 

2 8 
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A£JB<r>T*fnU i&JETl 5 Ott- mffi&t&Vit. GfeVoZZuuMAT' 
0) 

<IS1 9> 

(2 0) (2.73g. 16.5iDlB0l)©xh7t h*077>^ (17ml) 
h7t Kn#e7gPJ5f?A(0.40g. 18. 2mmol) Ofh7kHD77>Oi»»« 
(17ml) &«TU iiaT*25^Wtfc, Reit*fc20XSl (2 
0ml) *lRX.tzm$J±mfeVtz.o 2lg#j£Dowex50W-X8T#UIL7c^ MM 

A-eaaiLfc. f^^*i7KMv^v>7A^ffl^T 

«JBE**8Lft;£« (2 1) (1. 06g. 8. 65mmol. 52X) 
<X@2 0> 

(2 1) (1.06g.8.65mniol)tf>DMFi$i& (1 0ml) \Z t e r t -7^ 
Jk>7f^yiJ ;i/^7 d U H (1. 44g, 9. 52mmol) h< = *V-;i/ (1. 36g. 19. 9raol) £ 

•CS£*L JftEaHgLTft^* (2 2) (1. 69g, 7. l4mmol, 83X) 
<X@ 2 1 > 

fc£#> (2 2) (1. 69g,7. 14jdio1)©DMF^ (1 5ml) \zi?- t ert- 
^^JjJPtf*- h (1. 87g. 8. 57imol) £JO*.fcSL y^^75/ fcfU S» 
(0. 87g, 7. 14mol) £Jd;L, MUT~2 2mmmWVtc. S^I^JffliL, 

fcft. ll*m^^^^AT*^L«jBI*ff5feL3^«*S/U*y;^D^ h 

#?7<<- mmmm^Dr> : itii^=8 5 : 1 5) -emau-cfc^* 

(23) (1. 90g, 5. 64msol. 79%) 

2 9 
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<Xg2 2> 

<1 1. 8ml, 11.8nnol)fc3. 3 -*?U-)V?u h'U>^l/7 (L 45ml, 11. 8mol) 
iOttlOWlt 7 8V£~?$imUk£® (2 3) 

(1.90g,5.64mmol)©7 : -h^fc: Hn77>ili (10ml) £JD*Hiafln?3 0# 
Jf#Lfc. S£tc£te:7xXjHrU*xJMl. 19g.6.20nBDol)©xh-7t Fn7? 
>»« (10ml) £iHl;L-7 8TCT2«PJa#bfc. ^fiftTf^S^MIcS 
**fc3SMt*^/M(L 90& 6. 20uol) £l»*Mfc#ML&»x-x;P*fttfL 

fc. 8tfc£g£Lfc&, igKy'J^W7A7D7h^77^- (JM& 
ji^*>:i«X^=9 4 : 6)T»SWt£%(2 4) (1. 52g, 3. 06mol. 54%) 

<X@2 3> 

M(2 4) {1.52g.3.06inoI)©xh7tH0 7^>(l 2ml)^M0t 
ic^b 3 0 %i^mfl:7K^7K (3. 47g, 30. 6mol) £?8Tbfc„ 1 ftlH 

8BmT L C &ffll»TB»©l*S«Bl/fc. RiSS^»*X-5r^T«lffiLfc 

fee mm^m^Ltz^ 7 A7 o7 ^ /f 7 7^ - (jun^ 

^^\^-^> : ftH^= 8 5:15) ttllfc^i (25) 
(0. 806g. 2. 36mo1. 77X) 
<Ig2 4> 

(2 5) (0.806g.2.36Mol)©^^/-;P«* (2 5ml) \Z-Mit^ 
(a04g.5wt»€lBA*«»H5ITTfieiBa»U&. tttt£5»JUfc&. 
ttEE*ttbft£* (2 6) *3t«Wfc»fc. 

3 0 
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<I12 5> 

<k&® (2 6) (0.81&2.36mol)©^/-;Mg?£ (25ml) Cp-h;i/X 
>7.)V*ym (0. 04g, 0. 236nuool. lOmolX) £Jnx.^&-e 1 8 mmULWLtCo fcf&m 

7 ) (0. 426g, 1. 78miD0l. 75*) £#fc 0 
<I§2 6> 

fc-&tl(2 7) (0.426& I. 78mmol)<07-kh>^ (1 0ml) £$3 ^Sif^- 
HJ «7A (3. 81& 17. 8miolK i&ifc^x-^A 1 (0. llg), H20 (1 
2ml) (DM^^m 0 tl* 1 W L7c. ^fi^T-#g LTjglC 1 i^P^M 

vzfun;-)], (10ml) £jbn*. l Wji^bfc. 

^^M7fc«T^v^AT*^L^!i^^bTc^ (2 8) zMmmm 

<Ii2 7> 

N, N-v^JM^AT^ K^^>^7-ti^-;K0.74g,3.21iDmoI)i: 
tert-y^/-;K0.40g,5.34iiol)^?g^#i^b^tl (2 8) (0. 45g. 1. 78mmol) 
©^>if>i£j£ (10ml) IcMMLftT^iJfl;^ ^lC3 0#iI^Ufc. 

A^m^mttft^- h U ^A7K«T'?5fe#tte7K^-7^ v-^ AT^Lfc. 

> : B«X3VV= 8 0:2 0) T**stSLfc£tl (2 9) (0. 271g, 0. 88mmol. 49%) £ 

<Ig2 8> 

&-§r^(2 9) (O.271&O.88nimol)0^h^t: K075>»«(1 OmD^Ot; 

3 1 
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ICftJPblM LiOHtK^ (1. 0 5ml) fcSSTbfc. R%m&6l&§M. 

^ipH3-4(afc. mmmmm^)vxmihv. m&mzm*m£?# 

*S"7£Tfyibfc&» &li£S*UTfc£«r (3 0) 
<IS 2 9 > 

fc^m (3 0) (0.287g.0.88imaol)Oxh7t Fn77>8* (1 0ml) £7 
;i/:*>^rF-4 0 < Clc^LhUx^)l/75XO. 12g, 1. Ummol). 
<i V^;K0. 15r 1. 05mmol) 1 B#M#bfc. tfrtttbfc h UX3^75 > 

^A(0. llg.2. 63mmol) . 5^h7fc:Ko77> (8ml), StK (6ml) ©jg^ftr 
^in^l. 5l$IBfflt#bfc. Rfcfi£tt£BI?Sx^-c:J&Rbfc&, ®=fn£fc± 
h U 9 A?Kim 1 0 % 7 X yMfrfeWt. miMfci- h l )0 b . 

^M7Ai'DTh^77^- (MW&&^+f> : R&X^;U= 7 5 : 2 5) 
Tf*»bfls£4& (31) (0. 168s. 0. 53noI. 61%) 
<X@3 0> 

h U 7 xxjl//fr7 7 ^ > (polystyrene-supported 3mmol P/g 
resin. 0. 39g. 1. 17mmol) <D 2 u u * ? > MMfe (5ml) 
(0. 30g, 1. 17mol) & in * £ » T 1 0 # fli # b & , -f ^'/-^ 
(0.08& 1. 17mmol) SJOtL^STI 0^S^b7c. RJSS^ftfcft^ift (3 1) 
(0. 168g.0.533iBinol)©> ? 70DpC^>^ (1 5ml) £iO;L2l$IHJi«bfc. 
T»«*a»J Ufc«5«t*«ffi«*b«S«l*x-5 1 ^Tttaj bf£fflM«± 
h'J^A»arc^bfc. W^^«M^^v7AT^bfc^> ftSft 
^bT<b-&^ (3 2) (0. 199g. 0. 468ddbo1, 88*) £f#£o 
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<Ig 3 1 > 

(3 2) (0. 199g. 0. 468mmol) ©^>if (10ml) iCTRSHfc h U 
7T)V7.X (0. 21g, 0. 70imol) 1 7^/M7,< V7*^0- h ] ))V (A I BN) ( 7 . 7 
mg) £Jnx.lB#F3)i^Lfc 0 ig*g£@5feL£^ ^g^KlM It (1 5m 

1) £jbo*.l 3 OWlWSt/:. 7Kl^^nn7jN)l,AT?5fe#tfcm> Mffi 
ift&IL Dowex 50W-X8 t-ft^^SAD/PDM-D'f y> (3 3) 

(0. 0486& 0. 34idio1. 73*) £#fc. 

<mmm&M<Dmm> 

±IBS AD/P DM- CK v>^m^^cM^®tt^<OpM«> ^Ex^SS 
RlCEPP 1 bW&&m^mJ:BWl<D3iflr$- Kariyaetal., /. Biomol. /KK?18, 
75-76. 2000) ICS AD/P DM — D-f v> &ffixr? 5 £ £ K «k 9 IBS b fc. 

<mmmmm<DNMRm^m> 

NMRK8ttiJgi0^(R Kariya et al.. / Biomol. MR 18. 75-76. 

2000) £E ^ ^E«<o^a«^mNM Rm^ommvmmz t> £ tcsijg^o 

SAD/PDM-n^v>£m«9&£-fr£iEPP 1 bltfilCO^T 'H- ,3 C 
CT-HSQC^iSSbfco (u 1 - ,J C ; ,5 N] - CK ^>£&*&/u£:ft3fc 

mto)it^m5^.zme\z^-r. msRzsme^. sad/pdm-ck-> 

mmzmmm?\Wix e >£ ^ 1 2 c © £ £ c lt& o» mjj<D*?)imt 
3m<D7Km<oot>x'mmLmorz&\zm^m^^m 1 mo^mvxmo 2 
m\m7kmitLT&z&T'$>z>* ^bmm&TteNMRmfe-mmizma.VT 13 
cics^tT^-5. 7'ph>^g^T-r^fcie)«iii7!)^u, m*mik\zt 

3 3 
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tt ,3 c-'H^(D^{c:^D, mmmomfe-mm. ^^mm^m.^m^om 

£-r (2S. 3R, 4R) - Cl, 2, 3, 4, 6-"C s ; 2- ,5 N; 3, 4, 
6, 6- 2 H 4 ) (£TF, SAD/PDM-^^->tBf^) 




xsas 
> 



of 




rf o 

(36) 





H D 

(39) 



" 7C NHBoc 

A 

(4<5) 




3 4 



SgSJUft (SI'J26) 



WO 03/053910 PCT/JP02/13303 

<Ig3 2, I@3 3> 
1CMVdM<D^mQL Ramalingam et al.. /. Org. Chen 53. I900-I903, 1988) 
(2S, 3 R) - CI, 2. 3, 4- ,3 C 4 ; 2- ,5 N ; 3- 2 H] 
(3 4) £Jg8K:«V>Tfc£tt (3 5).^3BfcLfc. Z\(D{t£® (3 5) 
(2.82g. lOmmol) do^^ > ( 1 0 . Om l) KJgj&U 

Dess-Martinperiodiaaoeft 84g. UAw&ol) (Di&fc^Uy (3 0. Oml) mm 

\z2 0 ftfrtfTffiTVtz. £ £ \z i RWitt^bfcft. vx5f ;ux-x;p ( 5 0 m 

1) £2JD*-, ffiftSafejcSW-hUtfA (5 0. Oml) 

D-^A (15. Og) ££i?fcfc©£JB*. 1 0»K«t#Lfc. Ili^^^l 

Tte^hU^A (5 0. Oml), 7K (5 0. Oml) TifcofcM, B£&V^*v 

^77^- (jglB^IK > : 8t3£x3^= 1 : 1) T«KL^*Wlc^% 
(3 6) 
<I§3 4> 

^.mmm^Tf. tK^CT-^SX^A U 3^ A (60. Ommol, 2. 28g) tCxh^t Kp 
7? > (4. Oml) ^iO^-fc^^t, x^y-;K60.6ml, 2.78g) tfh7t H 
D77> (16. Oml) £g1?fct>©, (s) - (-) -k't7Dh- 

;K60. 6boo1. 17.34g)^T"h^t VU7y> (90. Oml) fc»#bfct>©*, 

OIClC^U eintft^ (3 6) (1.67& 6.00nimol)£xh^fcKo:7^>(l 
1. Oml) ^Ufefe^^U^v-C^tClWA, HMfcfeV>T3l5IBJ!# 
Lfc. ^tf>&- 7 8 "CI? 1 0 P#W»#Lfc. 0 . 5 N-MM ( l . Oml) 
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mm s\*Dr > : ^86X^=1 : 1) TSSlft^i (3 7) 
(0.315g, 1. I2ddbo1. 19X) 
<xm 3 5 > 

(3 7) (0.315& 1. l2mo\)^it^U> (15. 0ml) fcJg#U 
SSm^T, OgKi^T h 'JIWS > (0. 125g, 1. 23miol) £Jnx., 
*>7Jl^)l^D'J K(0. 14ig, L2Zmo\)&UQz.mmm£Vr£. * (1 0. 0 

mi) ^ioA. setci 5^m^L^. mmmzo. 5N-mkfcm (3 

Oml X2), * (30mlX2), U #A (3 Oml x 2). 

(3 0ml X2) Ti5feo&t& ^|7^y^A«L, &&&& 

^f>:StllfJl'=l : 1) (38) £ # . 

(0.360g. 1. lOniffloI. 98%) 
<IS3 6> 

K&m (3 8) (0. 360g, 1. lOmmol) ICtK (2 0ml), # U ^A- O - t -!7^ 
)Vi?^*f>-t^- h (0. 225g. 1. 2igK 7U □ - h 3 3 6 (33. Omg, 37. On 1) £iD 
A.tz^(D^UX'3 0#Mb<Jf#U;/c„ ^l^v 4 5^7>b5 OgTl 0#H 
Jf^bfc^ 1 0#J£Ut7WtT7 5g^b8 0g£U£bK2 0#F£*#L£:o 

tKS/^Mk&d, !S-fe©«^ig^mT^fc<i:e:5-e5f6x-x;p (20. 0 

ml) 5riP^ WM£tK (3 0. 0mlX2) MT^y-^AT^ 

^tfco#bnfca*^^ vu ^ a^ o^? h^7^ -(M§8^ ^ 

: »|I^= 1 : 1) tiSLft^ll (39) 
(0. 101g.O. 340mmol. 31X) 
<IS3 7> 

S*m^tT. ( 3 9 ) (0. lOlg, 0. 340niiDol) ^Th7hh'n77> (15. Oml) 
MUc.-7 8gl^^T, 1. 6M-n-:/3^U^>y-A(0.233il)£}JD;L 
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1 5#HS#L&&. U CD,HI (54. 2mg. 0. 374mmol) ^in^9 0Mfit#L£o & 
ftMfcTy^-OA (1. 0 0ml) £50*., 5#IBJJ»#Lfc. MfcKUTT 
HF£g3tLfc&, IftX^V (3 0. 0ml) fcjbOA, * (3 0. 0mD.fi 

ft&ra (3 0. omi) -ttmm&m^ 

^\^rlJ-> : g^mx^;U= 1 : 1 ) T**ft$SMt£^ (4 0) £#fco 
(99. 3mg. 0. 317nmol. 93X) 
<Xg3 8> 

(4 0) (99. 3mg. 31. 7mmol) \Z 1 (15ml) £JD;L> 1 1 OK 

»l&Dotex50l-X8fc«tO»»l/SAD/PDM-y^=:> (4 1) 
rnzWc. (50. lug, 0. 320m& >99X) 

<mmw&n<Dmm> 

EPP 1 b5d£Jiifr>tt&Gtt0>&fl : (E. Kariya et ah. /. l/ow/. Aflff 18, 
75-76, 2000) ICS AD/PDM-^^n^^ftrr^dtldcfcOPiiibfe. < 

«aiae»©NMR»5£«> 

NMRtWtiift:£12*©&fp(E. Kariya et al.. / BiomoL MR 18, 75-76, 

SAD/PDM-^#->£I&9&;irfrfcEPP 1 bH»fc:oVJT , H- B C 
CT-HSQC£»£b&. (ul- ,3 C; ,5 N) -*^*=>£tfi*i£&JEIEfe 
&£<Ditifc£B7lCac?-. 0 7 J: 0, Sad/pdm-^^->J»M 
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* ;m<DMM<DNMRmnzmmmm<DJ&mzmmT*%z> 0 

(2S, 3R) mt (2S, 3S) - [3, 2' . 3' , 4' , 5' , 6' 
H 6 ; 1, 3- 13 C 2 ; 2- l5 N] -7i^7^>, fn-», hU7>77> 

XfKI2%©^ffi (Makoto Oba et al.. /. Chen Soc. Perkin Trans. 1, 1995, 
1603) 

<iiie«©iig> 

tttt^^SSRlCEPP 1 bgeSffl^»XB«©*fr(E. Kariyaetal.. /. 
Bioaol NMR\%, 75-76, 2000) \z£ DHSLfc„ 
<**g e K © N M R Ml£M> 

NMRim\ZmXn?M<Dtkft&. Kariya et al., / Bionol. MS IS, 75-76, 
2000) *mi<\ »XE«©geSl^NMROT©»RfiDfl|«*t>tK:»JRLfc. 

gi^§&7 9 &3Hi:fcEPP 1 bK#lC3WH- ,, C HSQ 

£E0&£itfcg6MTfcmMRX^ hMi¥*6^Stl5 (cfttfd). 

Hi s 9.2fC:fctt3X^ 9 K^fo @9©<fco C S SDgll 
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±tE«wc£ivri^£Ufc sail y^/mewo sail 75 /at -rfcfc>*> 

SAILT7->> SAIL A 'J >, SAIL -f V P^f v'X SAIL -kU >. SAIL ~?u 'J 
tXSAILT;i/^->tt> UTK^T¥&KJ;9-&/&L>Co 
SAIL 7^ 

[1, 2- 13 C 2 ; 2 - 1 5 N] i^U y>^f JHXfJl'©^> , /7iy >-f 5 > 
ZmWcz/y 7mMT)V*Mk\z& O^Lfz^^Lfz SAIL 7^->OMii^ 

SAILA*U><Z)£f& 

@65fr-5^/1^->t?5:^t5:K^m0^i(lack E. Baldwin et al. 
Tetrahedron, 51. 4089-4100. (1995)) £-gB«bT£/&Ufc (7.*- A 6). 
ffcfr^ XS1C[1. 2, 3, 4- 13 C 4 ; 2- 15 N]7X/t^^>m*fflVi, 

xg3 oic^^^^Wb^licPHala^b^^^ffl^ xg4 0ic^^^^ 

Tt&mzN aBD 4 /M e OD£ffi<^fc. 
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SAIL yo U 

JOmmv^&QL Obaet al.. / Org. Chem 64. 9275-9278, 1999) 

mmttm 1 fcjK-r. 

SAIL 7^^->Oa^ 




<Ig4 1> 

Ig 1 3 T-mzntcitS® (15) (2. 41 g, 10 mmol) ^mt^U> (20 ml) 
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£.mmVfz& Z. ©iglCMtiltft-^ (11.9 g. 100 mmol) £iO;L;fc„ 

X h 'J7x^M77^ >/l7y")A (0. 21 g. 5 wM) &tfm*mt h U ^ 
;PXX(3.227 ml, 12 mmol) £2in*^T5#K^L;fc« S^^flSrit^ 
'\=Ht> : @t^X3Ml/= 7 : 3 OJV^S'U ^Jl^i^ h^7^-lC 
«fcO»MUk^ (4 2) (2.101 g, 9. 34 mmol. 93*) £t#fc 0 
<Ig4 2> 

(^-^Nl-^x-^^U ->/-;K0. 44 g. 3. 2 mmol) £fc£4&4 2 (0. 721 g, 
3.2 mmol) (7)^b^^U>^ (32 ml) IZM^mnW^CF^UT* lmfflMWV 
fc 0 2 e, {i. [«C] - vT >{fc^- h U -7 A (0. 32 g, 6. 4 mmol) RZMM (0. 387 ml. 
6. 4 mmol) ^M^M?l^.UX2 mmmWVTz. 6M Jfi&UO ml) £ 

mmmmmhtzo nm^^y/mm^)v^m^rzy^v^^) *?)v 

i3 7A^D7h^7 7^-^ffl^TiSUb^4 3 (0.7624 g, 2.044 mmol. 
64X) 

<IS4 3> 

1^4 2T#e>n^fci^4 3 (0. 7624 g. 2. 044 mmol) : 2UU 

1 :2(Dmm2A ml) tcigfr U O'ClC^tfc^KA^ v9A (1. 55 g. 
3. 17 mmol) £Jfl;L 5flf B 1if#Lfc. Steele 0. 2 # U >m^»*£(50 ml) £M 

m ^xmm vtz e ? p p ts^Am^m^mm^ ^vkx^mmmmm t , 
nm\zmum (so mi) zua*. 1 4 ot0» 5 ^jt^LAco s^^^mje^ 

ttft Dowex 50W-X8 SJB V>T< :T>£lfcT5 C ££<fc 0 *;Px^> (0. 583 g) 

^n^o#^nfc^-5 L >^7K (3 mi) tzmmis&m&mm a. 62 g . 7. 32 mmoi) 
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&jp^8 0TCT2 imrmwhtco T®te&&zm®\z&r)mr)m*fc<Dm.mm 

tZ\\Z (f-^MVSiMi£ (0. 246 g, 2. 116 mmolh #^T7. 4%tK 
mt-y V U ^ATK^d. 15 ml, 2. 116 mmol) ^JOAfigicRl 5 BmW&hti. 

Kmmmz Dowexsow-xs zm^xmmv, ^ntzT^-yizmm^M^vu 

£ 6 \Z Z\<L\z£t) T)V¥->mmM. (0. 394 g. l. 765 mmol) &®Tc 0 
<I§44> 

(2R)-[2- 15 N] 7xz;^Uyy-MM 

50 ml (7)^-h^l/-^(cMmii^ a-Zfu^y^-)mm (4. 3 g. 20 
mmol) M^^y-;K20ml)^Atl> ^n^TkSK^DfciPLifc. 
"7 # X £&fn \Z ts. Z> £ T*& A Vfc&mi UiSl:IlT2 4 b fc. 

Ki&mz±ctcmikzmmvtzmLm'z>z\£\z£r) (2 sr)-[2- is ni 71 

-;i^U~»(2. 733 g. 17.98 inmol)*#fco #e>nfc(2SR)-[2- 15 Nl 7 
x~;i^y 5/>£:£i«B*i©7jfe(T. Shiraiwa et al., A//. Soc. /pn.. 
64, 191-195, 1991) $C£D (2R)-[2- 15 N] 7iZ^'Jy>l:titfco JR 
1.90 g (12. 498 mmol) Hhitz. #€>*lfc(2R)-[2- 15 N] 7iz;^ 
U S/>^Xi^ffi*©7jS (Ernesto NicolOs et al., / Org. Chem, 58. 766-770, 
1993) \Z&r> (2 R)-[2- ,s Nl 7i^U W -JWC^glLfc. J&SKU10. 125 
mmoDlr&ofc. 
SAIWVnK i/><D£if$. 
SAIL V cK 5>>«TfBlC^Lfe^^##lCX^-A 8 St/X^-A 9 IC 



WO 03/053910 



PCT/JP02/13303 




WO 03/053910 



PCT/JP02/13303 




WO 03/053910 



PCT/JP02/13303 



<I14 5. IS46> 

i3 c^-mmmwfcmm&zmnizm^T-$:ffimm(y. schurigetai. /. org 

Chem. 45. 538-541. 1980) L [1 , 2, 3, 4- 13 C 4 ; 1, 1, 

4, 4- 2 H 4 ]2, 3-Zf?>z?*-)\'$:&rfiLfz. 
<Ig4 7^e>XS5 1> 

IS 4 6 \z&Qn$nt£7?>>>*-}l*$Mmm (Richard K. Hilletal. /. 
Am Chem. Soc, 102. 7344-7348, 1980) <Z>#££M LT-f VMNWlfc. 
<Ii5 U^Ii5 4> 

IS 5 lfc«fc9i§&ftfc^VBIfe££iRSB® (Nicholas M. Kelly et al. 
Tetrahedron Let., 37. 1517-1520. 1996) <Djjm&mmVS A I L<Vn<->> 
lC«Lfco 
SAIL XI/ 

SAIL X V-t- >HTf2£^ Ufc£iE£##K:X*-A 1 0 fclfioX^Lfc. 



4 6 



WO 03/053910 



PCT/JP02/13303 




* = 13 Cor 15 N 

<Ig5 5> 

it^m (8) (794g. 2. 2lmmol) ( Y. Ueno, etal, Chen. Lett. 

795, (I983)) £«HTfls£* (5 1) (500mg, 2. 26mmol) «&Lfc„ 
<Xg5 6> 

(5 1) (500mg. 2. 26mmol) %&fc*^> 3 Om 1 fc&jfcU OV&XiB. 
g£Ttf. Dess-Martin KM (1. 90g, 4. 49mmol) £2WAT0 , Cc[)££ji#L£o M 
MnrJWSttTl. 5im^ 12g©5^-aat^hU->A*»*Ufc 
fi&*n£K*$:J- h U ^ A 6 0 m 1 ^IKfcx^U 5 0ml fciwitstf 5 $HH«# L 
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tzo ®fP^7K^hU^A5 0mllr2£5i > 7K5 0mlTl|5K 7^>5 0 
<Ig5 7> 

ft&m (5 2) ?r^^y-;P2 0ml fc»j&*L&*>©£or irCSg£Ttf, 
dtKCTK^fb^^^h'J^AITOmg. L 75ddk>1) £**y-;H Om 1 Icigj^L 

5^4 Om I ^rJn^TTjc (4 0ml XI). T/^-f > (4 0ml XI) -Tr&#L 
*$S*£«^ h >J £ A Ti£ ji^Mra$£ L Tft (53) 
<X@5 8> 

(5 3) S*-fb^5 i ^>lC**U«fHftbT, y^W57f'Jy 
> (500mg, 4. 03mmol) , h'J7ftD^^>7^*-j^D7-f F (500 u 
1. 4 68mmol) £ifl;L;itt£ OlCOfcfrT 1 I5H8#LT, :ntili^3 Om 
l^ftl^T* (2 0ml X2), (2 0ml XI) T?Sfc#L*«iJf £fS 

K^HJ*ATfc«^«JE*8LTfc£» (5 4) Zmtzo 
<I15 9> 

(5 4) £ h;PX>8 Om 1 fcSjSlfflJBftbt. 7*)l-($. K*iJ 
^A(1.40g,7. 68mmolK 1 8 - c r o wn — 6 (150mg. 0. 56dbbo1) <£-jJDA> Cin£ 
1 3 0t:©^#T3 0IHit#LT#m Zn\zmm.JLTJl lOOml ^JOAT 
* (50ml X2), 7^f> (5 Oml XI) T«S»L^r«Ji*8lffl|^- h U 
AT&fc&SEEMSbfc. EJfi«fc4&fcM l 1f> : »g|X^= l : l©~>y# 
^7A^D7h^77^-f«Sl, ft&m (5 5) (421mg. 1. 36dbbo], 60» 

4 8 
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<II6 0> 

fls£$K5 5) (389mg, 1. 25mmol) ££iKfemtf>#&(FriederW. Lichtenthaler. 
et al. Synthesis. 790, 1988) £JHtr>Tfc£fc (5 6) (309ig, 1. 21mmol) \Z^l 

<1M 6 1 > 

fc&®(5 6) (309ms 1. 21mmol) £ 1 N-J&H5 0m 1 Tl 2^P B 1S^-&fe 0 
^^Cfce^ftigJI^iaU 3i££Dowex50W-X8-C*tS3U XI/^> 
(5 7) £#fc 0 (50mg, 0. 400mmol) 

SAIL-fe'JXO^ 

[ 1 , 2 , 3 - 1 3 C 3 ; 2 - 1 5 N] -fe U >^»I2^©*^ (Mark A. Blaskovich 
et al, / Org. Chen. 63, 3631-3646, 1998) mmVTJV^h^W (5 8) \ZM 

mTZ>Z\t\z&K> SAIL -tr U > (6 0) ^mmhtzo £j£LfcSAIL-feU>©*itj£ 
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[X*-A1 1 ] 




IH 6 3 n u 

(60) 

<Ig6 2> 



LiAlD 4 (57. 587 mol, 57. 587 ml) , EtOD (58. 162 mnol, 2. 738 g. 419 g) in THF (29 
ml). THF(80 ml) t^bfc(S)-(-)-Binaphtal (58. 738 rnmol, 16. 819 g) &M\Z 
JDX, 7)Vzt>m.WLT. ^UX 30 ftm&'&* -100 mzLX. fc£^5 8 
(3. 728g, 12. 797 mnol) O) THF (13 ml) Wtt&tBZ. 3 -78 &X 18 l$|H 

mWVTzo 0.5N HCK200 ol)T'«li. -fe^f h£J8Vvc3i&U X-~rJl/T 

amja»«rr*Jii:k:«koft:^«i5 9*»fc («i5%)„ 

<Xg6 3> 

5 9 (1. 451mmol) £ CH 2 C1 2 (30ml) IC8#U TFA (0. 7 ml) t. H z 0 (0. 50ml) £ 
iDAT, ^&T* 30 CsCO, ( 9. 6 mol, 3. 14 g) £iJ0;Lv MeOH(22. 5 

mDtwtimuizmmv. nmmwmci *m^xmmzhtz$M*>3mt 

SdtfccfcD SAIL— feU> (6 0) £#fc„ 

SAIL ->7>T-r >teX*-A 1 2 fc?{HT£j£Ufc. 

5 0 



WO 03/053910 



PCT/JP02/13303 




<I16 4> 

THF(6nil)C triphenylphosphine (2.46mmol, 618mgK £Jnx., T)lzi>mmM. 
T» OgKbfc. fit, DEAD<Z)40%h;i/X>^(2.46mmol, I. I2mi) £JnA£io 
-fb-&^ 5 9 (1. 23mmol, 356mg)(h thioacetic acid (2. 46bbbo1, 187mg)® 
THF(3ml)^^2^HtTjSTUfco ^LT, OgtTrlBm ^STmiSK ^ 
»*ff ofcoMSS^;&^AT£j£Uft;-&#J7 *»fc,ft#«8 (0. 326, 0. 94mmol) 
\Z THF (5. 0ml) . 2N NI^OH (5ml) £JP*., M*e3 0 #|SI«#U i&®Ufc£$J 8 

SAIL7*/^^>&££iRS3*©;£i£ a F. Beecham, / At Chem Soa. 76. 
4615, 1953)*JJBU 5 Ntlir7>«7#X£fflV>T£j&Lfc. 

>ie^lC *;HE5?3.U>©5SRttSiaittaefl^rtaE©rt. Zubay ted; 
oT5t3A^tlfc¥ffi (Protein Expression, A Practical Approach, S. J. Higgins 

5 1 



WO 03/053910 



PCT/JP02/13303 



and B. D. Hames, pp201-223. Oxford university press) IcfeTfrofc. ^<0 
^&t<DmM£M*mW&ltifc*?V-\Q-t3 7l> (Aiershai Biotech) tz&omM 

-vm^vit^o mil) sffl^fcctt*5. *^5?jLU>5Hafflme, 

ti)V^J=L U XDmmZWALtc pET-3a (Novagen) £/BV>fc. Z.<DimB&&% 
fc«k D STriCT 8 B#ia©Kf&£fT^ 7^ ymU^m 44 mg #S 4 4 fflg ©^s 

60 %ic$-ei'>tfc. 

<«»ses©NMRa^> 

LT#^nfc SAIL W«va U > 4. 4 mg £ 1 mM <D NMR tm<h&3 «£ 
^IclOOmMKCL lOmMCaCl^ 0. 1 mM NaN 3 , 10 % D 2 0, pH6. 5 K:iS*P5-&fc. SAIL 

-T^T© NMR Sd^tt Broker DRX600, £fc«DRX800 37 < C{CTrrofco NMR 

Ml^JfeicKi XWINNMR ver. 2.6 (Bruker) t>b<K NMRPipe ver. 1.7 
(Delaglio et al., /. Bioaol. 1W 6, 277-293, 1995) £JB*>fc. Z.t\t><D 'H- ,3 C 
CT-HSQC h )V^m 1 2 H^-Tc SAIL tUV^J^. U >©X^7 h;i/Ti2> v 

tfj-frofrmt. ffimommtf&zn&o £fc sail *wya u >©x^ 

TTiB©$i££*5 Z. U i Tco 

'H- ,5 NHSQC. HNCA» HN(C0)CA. HNC0. HN(CA)C0. HNCACB, CBCA(C0)NH, ,5 N-T0CSY> 
HBHA (CO) NH» HCCH-C0SY, HCCH-TOCSY, T0CSY (aromatic), NOESY (aromatic) 

tA±<DMM<Dft. 'H-^C CT-HSQC. HNCACB. CBCA (CO) NH, HBHA (CO) NH, HCCH-COSY, 

5 2 
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hcch-tocsy \z&^T\tmM%Liz&%n*m7"x v >tf%mm vtc. 

^(DMfefrZ&ZftZX^ Sparky ver. 3. 105 (DCSF) ICfcDfilflrU 

fi#*KitHHcfflV^ NOE ^tUTS^fC. ,5 N-N0ESY, ,3 C-N0ESY, 'H-»H 
NOESY £9££?Tofc. 

<mmm&n<Dmmwrm> 

±m^m, «BlS/Wffl»IJS*Sffi^T, NOESY h;i^f 
igfriTSfTofc. C©Mt*ViTtt NOESY iSto&lfr^n^ATfcS CANDID 

(Herrmann,! et al. (2002). Protein NMR structure determination with 
automated NOEassignment using the new software CANDID and the torsion angle 
dynamicsalgorithm DYANA. / Mol. Biol. 319. 209-227.) tm&^WmtiCtl 
^«tfj#7;l^yXA-e&£ DYANA (P. Guntert et al. (1997). Torsion angle 
dynamics forNMR structure calculation with the new program DYANA. J. Mol. 
Biol. 273,283-298.) ^m^fc^u^f^A. CYANA (the Combined assignment 
anddynamics algorithm for NMR applications, c by Peter Guntert) (P. Guntert 
etal. / Mol. Biol. 273. 283-298 (1997). T. Herrmann et al. J. Mol. Biol. 
319.209-227. (2002)) CCD CYANA £ 14Xeon Linux 

?7x?-±xmftt£i*:tco noe mm* $2 omoiLwmm^^ir^x'CDi 





1201 


,5 N-ed i ted NOESY ®tf-^ 


1782 


,3 C-ed i ted NOESY <D 


1853 


2D-N0ESY£>fc:-^ 


159 
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%-mm&&m»T^W}T noesy x^? hjvfm^n^tz^-c^SLwmmm- 

tcnss^j7T'tt> sem^^rs 2 oas±T©75 /g?BX£@ 1 -e^Lfc 
mmr* ;m.miz-mLTW&LtzR s d/s s d/s ad/p dm-ts 

v^zitiCctD, wsnfcsest (c) ^xozfuvymmm^ntzm 
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(1) &fem®mwmwm(D leri-f^inxf-Mt 

*-h^l/-yW£-50 < Cfc&£PU WLttrtVzry-y (18 ml. 209 mmol) 
AUc. [1- IJ C] ( ,5 CH i l5 CO ! H ; ISOTEC inc. St) (4 ml. 69. 5 mnol) £ 
Aiberlyst&MflQRlS (Rohm Haas ttS) (0.04 g, 1 wt%) fciBATfcitU 
MfcRLT5»IH*»bfc.Aiberlyst R15 fcJM&igfc:«fcDI&£Lfc. 

(2) $tnttimiyD%i»® tert-:/^x;wMt 
:*-h^l/-:/«£-50t:tc&£PU »ft-fV^f> (30 ml. 321 mmol) 

Abfc. [l- l3 C]yo«( l3 CH,B r^COjH; ISOTEC inc. S3) (14. 32 g, 103 
mmol) tAmberlyst(^M^)R15 (Rohm Haas iU» (0.07& 0. 5 wt%) £Jnx 
T^ifcfU gfflfcB5l/t2 4ISIBlJjl#Ufc. Amberlyst (SSffi*)R15 tt. ttSK 
<fcO^*Lfcc Setl^ntfti tert-^;i/XXx;KDiR$tt9 7%T£o 

(3) ^HffiflcBWI^^^ai©^ 

»gffl^tTC» ±12 ( 1 ) -Ctt&Zttftmm tert-^;UXXx;U (1. 338 ml. 
10 mmol) £V^)V^u\LVytfV7 (Aldrichftg) (1.209 ml. 10 mmol) £ 
^h7tKD7^>10ml^HP©^-7.7^XD ICAtl.-TS'C^ai tfco^^. 
2M- >J 5f £ A V t°;U7 5 F-fh7kl«077>»jt (Aldrich &S?) 

(10 ml. 20 mmol) £«TU -78^1: 1 l$m#U&. £6£&te:7xx;Hrl/ 
*x;p (Aldrich #M) (1.928 g, 10 mmol) ^rh7k h*Q77> 15 ml C» 

-78*0^2 ±15 (2) -e&^Snfcyo^EHfK tert-y^l/X 
7,7-)V (1.477b!. 10 mmol) $5" h7k F077> 10 ml fcJg#U S^lcMT 
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mm.^mt^U> (40 ml) fCjg^U E*lfcKfih*-bU£A (2. 52 & 

30 mmoi) ^mxx-nviz^mvrc. m-^auM^Mmm (jmmtj&ftm) 
(3.451 g, 13 mmol) *mZ-tz&, ^U\ZML, 1. smmmwistc nztitz 

M£5=-h^kKD7^>40 ml K^bfc&orKl&iPLfc. ^Z\\z 30%xi 
M^tK^tK (5 ml. 44imol) £?TFU ^©icMt^l P^mi^Co JRj&ii 

^^nrc^v^mv 5 tert-y^vxx^Mc iM&m 20 mi nor^st 

^a#Lfcm.MJE^OT^^#:Siiyv;VM^M6 1 %(0.713g. 6. 14 
mmol) Tr'&fzo 

5l2i£0iJ9 : 7?M(DD - fi5|ylf iUXjJP^tl 
«0!l8T^e>tlfc^|i!fe^^-7;i/^ (0. 119 g, 1. 027 mmol) £x*/ 

-Mzrnm^. Qx:\z^mbtc^ mttt-Msmmmrvrz. %u\zmv 
tern. 2B#p B m#bfco 

tert-y^y-;W:7K=l : 1 ©»ti (10 ml) fcADuix-0 (AldrichttlS) 
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(1.45g) ZmfrLfZo /^>XM75 H (Aldrich .*fc») (0. 101 g. 

1.061 mmol) £S0;LT ffCCfcSPU ^Z.\zy^)VWJ^)^7,7-)V^i~mz 

m*., o'er- 2 4 ft l < m#bfco s £ mjm.-r v u * a (wako #m 

(1.5g) £in;L MKlBIUTl«HBffl»Lfe*» £fc*9^>T»lttJU 

^ifMXr;l' (0.151 g. 0.732 mmol. 7156, >99*ee) 
SI 



[If 2r l3 C 3 ] Acetic acid tert-bntyl ester 
! H( U C]NMR (CDCI 3 )5 1.44 (9H, s), 1.96 (3H, s) 

[1, 2- 13 Ci] Bromo acetic acid tert-batyl ester 
, Hf ,, C'|NMR (CDC1 3 ) 5 1.47 (9H, s), 3.74 <3H, s) 

[1, 2, 3, 4- l3 Cil 2-PhenyIseleaenyl succinic acid di tert-botyl ester 
'H["C]NMR (CDC1 3 )5 1.38 (9H. s). 1.42 (3H. s), 2.63 (1H, dd, 
J-5.4 Hz, 16.7 Hz). 2.83 (1H. dd, J-10.0 Hz. 17.0Hz). 3.84 (1H. dd, 
J-5.6 Hz, 9.9 Hz), 7.16-7.34 (3H, m), 7.56-7.64 (2H. m) 
,3 C NMR (CDC13)5 29, 38, 135, 171 

Hi 2, 3, 4- l3 Cj] Fumaric acid di tert-fauty I ester 
1 H['" J C]NMR (CDCI 3 )ff 1.48 (18H, s), 6.66 (2H, s) 

[I, 2, 3, 4-"Ci] Fumaric acid di ethyl ester 

'H[ IJ C]NMR (CDCl 3 )« 1.32 (6H, t, J=7.2 Hz), 4.26 (4H, q. J=7.2 
Hz. 14.1 Hz), 6.84 (2H, s) 
,3 C NMR (CDC13)$ 134, 165 

[t, 2, 3, 4- ,3 C 2 l Tartaric acid di ethyl ester . . 

*H[ ,3 C]NMR <CDCl 3 )d 1.30 (6H, t, J=7.2 Hz), 3.25 (2H, b), 4.29 
(4H, q, J=7.3 Hz, 14.3 Hz), 4.51 (2H, s) 
13 C NMR (CDC13) 6 72, 172 
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(1) NMR =y tf+ )V(D^Mifimh <§K&3 (5/^;P©#itlBg©|6]±). 

(2) wjzm&cDfai- (mfemmomm) 
nz>tat>)o 
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3. »#£t 15 Nf:tti$nrv^. c iS^it^H^ 2 o^^TO 
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5. (e) ^mmfrmmf&t^^t. m^mm^mM^m^mit^nx^ 

6. (f) ±i2 (a), (w jktf (d) \z^xm.im\t^ntdmz^x. *mm? 
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9. mtow&n&mftt&£x<D7$ymtLxm&%4&m<Dgfemfflb%:Wi 
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